The increase in the population at the global level necessitates to explore promising approaches to increase food supply, including protein and oil, to meet the needs of the people. Cotton is one of the most important oil producing crops and cottonseed meal provides important protein nutrients as animal feed. However, information on the genetic basis of cottonseed oil and protein contents is lacking. In this study; protein contents, oil and fatty acid composition of 124 cotton genotypes were observed for developing new cultivars. Accelerated Solvent Extraction method used for determining fat ratio; Gas Chromatography employed for fatty acid analysis while protein contents were analyzed by Kjeldahl method. Average crude oil 31.0%, total fat contents varied from 23.11 to 37.70% while mean protein content 38.0% were observed among genotypes. The dominating fatty acids included linoleic acid, palmitic acid and oleic acid (46.91, 25.73 and 20.21%) respectively, while linolenic acid (0.13%), γ-linolenic (0.33%), palmitoleic acid (0.64%), myristic acid (0.88%), nervonic acid (1%) and stearic acid (2.38%) had variations in fatty acid contents. Frequency distribution of the parameters showed a normal distribution and differences among genotypes for the traits studied were statistically highly significant. Prinicipal component analysis showed a complex opposite relationship with a total protein and oil contents. Genotypes; Fantom for protein, Cirpan 60 for total crude oil, Stoneville 468 and YB195 for higher amount of fatty acids especially oleic acid; can be used for improvement of cottonseed quality in breeding programs.
Introduction
Cotton belongs to genus Gossypium and Malvaceae family that grows naturally as a perennial, but for commercial purposes is grown as an annual crop (Wakelyn & Wan, 2003) . Cotton is a major crop in the world (Yu et al., 2012) . The five largest cottonseed producing countries (China 26.4%, India 25.8%, USA 10.7%, Pakistan 7.9%, Brazil 6.5%) currently account for 77.3% of global output (ICAC, 2015) . Cotton fiber is a source of natural textile, and cottonseed is a source of oil for human consumption, cotton meal and minerals for livestock feed (Yu et al., 2012; He et al., 2013) . Therefore, maintaining high quality fiber and cottonseed nutritional value is critical. Cottonseed is the second major product from the cotton plant (after fiber) which serves as raw material for oil extraction or animal feed production (Hamilton et al., 2004; Ashokkumar & Ravikesavan, 2008) .
Cottonseed oil is among the most unsaturated oils, others being safflower, corn, soybean, rapeseed and sunflower seed oils. Oil cakes/oil meals are by-products obtained after oil extraction from the seeds. Oil cakes are of two types, edible and non-edible. Edible oil cakes have a high nutritional value; especially have protein contents ranging from 15% to 50% (Ramachandran et al., 2007) . Cottonseed oil has a ratio of 2:1 of polyunsaturated to saturated fatty acids and generally consists of 65-70% unsaturated fatty acids including 18-24% monounsaturated (oleic) and 42-52% polyunsaturated (linoleic) and 26-35% saturated (palmitic and stearic) (Agarwal et al., 2003) . Cottonseed oil performs better than other oil as it lasts a long time and stores well by withstanding higher temperature for food items due to its high antioxidant content (Sekhar & Rao, 2011) .
Recently, cotton has attracted much attention as a biofuel crop (Chesterfield et al., 2013) , however, information on the genetic basis of cottonseed oil and protein contents is lacking (Jiwen et al., 2012) . For improving the quantity and quality of cottonseed oil content, various breeding procedures have been employed with different levels of success (Cherry et al., 1981; Dani, 1990) . Many varieties of cotton have been developed with improved crop yield and productivity (Calhoun & Bowman, 1999) . Breeding cottonseed for oil content has depended mainly on phenotypic information that is used to select varieties with high seed oil content (Azhar & Ahmad, 2000; Ash & Dohlman, 2006; Pahlavni et al., 2008) . The availability of genetic variation effects the outcome of a breeding program (Cruz & Carneiro, 2003; Silveria, 2007) . Dani (1989 Dani ( , 1991 , Gotmare et al. (2004) , Khan et al. (2009) showed significant variation of oil contents in cotton. In analytical chemistry, isolation from solid samples (such as Soxhlet extraction, flask extraction) are tedious and time-consuming, which lowers the sample throughput. Accelerated Solvent Extraction is a fully automated technique, Supercritical Fluid Extraction is less solvent and have the power to make the extraction in a faster time (Hana et al., 2001) .
Cottonseed oil and the high protein content are important features, especially because of the use as animal feed and human food. While developing new cotton varieties, fibers are always considered of added value. For this purpose, the prevailing germplasm, consisting of 124 genotypes and having diverse features will be screened for protein, oil and fatty acids contents. The ultimate objective is to select the best genotypes having desired traits.
Material and Methods

Field Trial and Collection of Samples
The germplasm having different origins were selected from three different species Gossypium hirsutum L. (114), G. barbadense L. (9) and G. herbaceum L. (1). Genetic stock was planted in field during 2012 by keeping planting distance (L × W) by 20 × 70 cm. The experiment conducted as a randomized complete block. Normal agronomic practices were applied and plant protection measures carried out and 50-boll sample harvested from each row and ginned to recover fiber and fuzzy seed. Fifteen grams of fuzzy seed was then subsampled for determination of fatty acid composition. All the genotypes screened for protein, oil content and fatty acid contents.
Sample Preparation
The cottonseed of genotypes delinted by hand and 100 seed weight measured on a precision scale. The seed coat and embryo separated from each other. Cottonseed cores were transfered into 15 ml falcon tube and were stored at 4 °C. The rudimentary seeds were put in oven at 103 °C and dried for 2 hr. Seeds were put in dessicator for 30 min, cooled and dehumidified; the grinded seeds were again put in the dessicator to avoid moisture loss. Silica jel was kept in dessicator to keep samples wet.
Total Fat Analysis
About 1 g of the sample in powder form was weighed for ASE (Accelerated Solvent Extraction) (Abdelmoez et al., 2011) . ASE device works good with high purity nitrogen. The solvent used as n-hexane. The optimum operating temperature for n-hexane is 80 °C because device is heated to furnace temperature and n-hexane flows in the samples through vials. After passing the samples for 30 min the oil is provided by the extract. Extraction from the sample is finished through liquid n-hexane. The oil is obtained at the bottom of the device in a collecting pot. The resulting extracted sample flasks transfered to evaporator for evaporation. For this flask should be fixed and weighing must be done. Flask are kept for 1 h then heated at 103 °C for half an hour in a desiccator and allowed to cool. This procedure was repeated 3 times.
Fatty Acid Extraction
Extracted samples were measured as tear weight before being placed in empty flasks. Samples obtained by extraction to constant weight was transfered from the flask. In evaporator at 80 °C n-hexane had been evaporated from the flask; it takes about 15-minutes. This process is completed in flask, water remaining in the flask may be volatile for evaporation; flasks were again put in the oven at 103 °C for 1 hr, and then placed in the dessicator for 30 min to remove moisture and then allowed to cool down. After completion of this process weighing carried out, total percentage of fat obtained from 1 g is calculated. Oil contents were measured by following the fomula (Karahan, 2007) .
Oil Contents (YM) = a/M (g) × 100
(1
Where,
Fatty Acid Analysis
0.1 g (approximately 2-3 drops) of oil extracted from the cottonseed were transferred to 15 ml glass tube. Upon addition of 10 ml n-hexane the tube capped and vigorously shaked. On this, 0.5 ml of 2 N methanolic KOH added and shaking repeated. The tube heated for 1-2 hours in a dark environment untill the clear supernatant is obtained. Supernant was accumulated in the upper part and placed in 2 ml vials which is ready for GC analysis.
Fatty Acids Analysis of GC
Standards available in 37 different fatty acids in Fame 37 standard mix were used and the percentage of these contents is known. After entering the amounts of standards, loaded into the device and explained by different parameters. We injected the samples and the fatty acid % was determined. After methyl estrification, the samples were transfered in to 2 ml vials and placed on the device. 1 μl sample was injected into the injection port at 240 °C. The device sent it to column via carrier phase by dividing 1/100 and 177 kp pressure (TRCN 100 Techno Chroma). Samples at column cooled down to 70 °C then started to increase again up to 240 °C, 2 °C increase for every 5 minutes. With this program which has been translated in accordance to methyl-ester and proceed by separating the different fatty acids in the column on molecular size. The order to leave the coloumn is according to detector values. Detector (FID-flame ionization detector) burn again to 250 °C to decompose the ions. Solvent is leaving first in detector. According to the ion intensity signal on the chromatogram baseline peak is created for the analysis of fatty acids.
Protein Analysis
Protein analysis was performed according to Kjheldahl method. Cottonseed grounded to make a homogenous powder by using micro mill. 1 g of powdered sample was weighed and placed in the Kjeldahl combustion tube. 25 ml of sulfuric acid (95-98%) and 2 catalyst tablets were added. Kjeldahl tube was placed in combustion unit and burned to 420 °C for 60 min. After burning untill the color of the solution becomes clear light greenish burning repaeated for more than 30 minutes. Once this is finished, the tube was cooled to room temperature prior to combustion. The tubes were cooled after wet digestion and placed in wet distillation unit. 25 ml boric acid added in the flask and placed at bottom of ammonia collecting unit. The device automatically added 100 ml of 35 NaOH (%) (sodium hydroxide). The sample added to Kjeldahl tube and flask is left in ammonia collection unit for 5-minutes. The reading was observed by placing the sample tube in a non distilled unit. 5-6 drops of methylene was dropped in flask and distillate collected as methylene blue-methylene red. It was treated to stock solution 0.2 N HCl (hydrochloric acid) with the automatic burette. Dissipated HCl will be saved as a solution.
Results are calculated by using following formula: The total amount of nitrogen found by this formula and the amount of protein was determined by using an other formula: Protein (%) = N (%) × 6.25 (conversion factor).
Statistical Analysis
All the data were subjected to analysis of variance and variability in fatty acid composition was measured by SAS (v9) and compared by the Tukey's test. Frequency distribution of genotypes done and graphical analysis of the components from subset of genotypes illustrates a number of points regarding differences in the effects of genotype observed in whole dataset (Figure 3 ). The width of the component bands in these plots reflects a measure of the variation due to genetics. Moreover; elite genotypes screened on the basis of protein contents and other nutritional values. From measured distributions, a number of characteristic fatty acid parameters were also calculated. The principal component analysis and correlation analysis was conducted among genotypes to identify relationships among observed traits.
Results
Relative values for the means, standard deviations and the range of oil, protein contents and individual fatty acid compositions of the genotypes were shown in Table 1 . The diverse sources of the samples contributed to the high variability in the sample population. Analysis of variance showed significant (p < 0.01) differences among all genotypes for means of 100 seed weight (g), protein contents, oil contents, and all fatty acids icluding, palmitic acid, stearic acid, palmitoleic acid, oleic acid, nervonic acid, linoleic acid, and γ-linolenic acid contents among genotypes while non-significant differences were observed for myristic acid and linolenic acid ( Table 1) . The descriptive statistics for all traits of genotypes showed that the genotypes are having differences for coeficient of variability (CV%). Moreover; Tukey test among genotypes used for estimating the mean values of accessions observed for desirable contents in commercial point of view ( Table 2 ). The concentration and scale of variability in oil and fatty acid contents of the samples used in this study are similar to those reported by other authors (Hamilton et al., 2004; Nyanzi et al., 2005; Dowd et al., 2010) . Considering the values for all the traits, the variability ranged from 2.32 to 70.6% in the germplasm indicating obvious differences within the population. The widest ranges were observed for oleic acid, linoleic acid, palmitic acid, oil and protein contents. Variability within the population as shown by the standard deviation values ranged between 0.1 and 2.96% in the genotypes. The highest variability (CV%) was observed for linolenic acid, palmitic acid, stearic acid, palmitoleic acid and γ-linolenic acid while linoleic acid, myristic acid, oleic acid, nervonic acid, oil and protein contents had the lowest values for variability.
The average value for 100 seed weight was 10.19 g. The values varied from 7.91 to 13.92 g (Table 1 ). Genotypes having the highest 100 seed weight include AK-4 (13.92 g), Delcerro (13.52 g) and Acala Maxa (13.50 g) while the lowest value of seed weight were found Okra-Frego (7.91 g), Fantom (8.39 g) ( Table 2 ). Cottonseed oil and protein contents are quantitative traits and both are usually negatively correlated with one another (Hanny et al., 1978; Wu et al., 2009 Table 2 ). This may be due to variation of different genotypes having different origin. Great genetic variations among cotton species and cultivars in respect to cottonseed oil (17-27%) and protein (12-32%) contents also exist (Kohel, 1980; Kohel et al., 1985; Wu et al., 2009; Dowd et al., 2010) . Quampah (2012) revealed the amount of oil inside the seeds ranged between 22.68 to 36.83% and the average amount was 31.42% while average oil content of genotypes in our study was 38% which is inaccordance to earlier studies. The oil contents found 23.11 to 37.70% among genotypes (Table 1 ). The highest amount of oil contents found in Cirpan 60 (37.70%) and the lowest amount of oil content of the genotypes include Fantom (23.11%) and Garant (26.29%) ( Table 2 ). The genotype having high protein showed low oil contents are in accordance to Alkaya (2010). Note. Same letters in the columns are not statistically significant. The free fatty acids (FFA), which reflect the extent of chemical hydrolytic products in oil, were varied among the genotypes. Saturated fatty acids contain only single carbon to five carbon bonds and are chemically the least reactive. The saturated fatty acids have higher melting point than corresponding fatty acids of the same chain length with one or more double bonds (unsaturated fatty acids). Natural saturated fatty acids mostly have an unbranched structure with an even number of carbon atoms. Palmitic and stearic acids collectively constitute the saturated fatty acid. In earlier studies, the cotton genotypes and their hybrids were analyzed for fatty acid composition and significant variation was observed in their mean values ranging from 23.2 to 45.3% (Yunusova et al., 1991) . Hall (2003) evaluated eleven cotton genotypes and reported greater genetic variability among the genotypes for fatty acids composition (ranged from 30.30 to 24.80%) and that range could be used to screen the cotton germplasm for various environments. Dowd et al. (2010) studied fatty acid profile in 20 cotton genotypes at two different locations, and recorded significant differences among cotton genotypes for saturated fatty acids. O'Brien et al. (2005a O'Brien et al. ( , 2005b findings revealed that cottonseed oil contains enough saturated fatty acids (25 to 26%: palmitic~22%, stearic~3%, myristic~1%) to make it a relatively stable vegetable oil without partial hydrogenation as well as enough unsaturates (oleic~22%, linoleic~52%, and linolenic usually < 1%) to make it a heart healthy oil. Mean myristic acid (%) contents among the genotypes were 0.88% (Table 1) . Sekhar et al. (2011) found that the average myristic acid value is 0.8%; our results are similar to previous studies. Genotypes having highest myristic acid contents include Stoneville 468, 1118-Glandless and Albania 6172 (1.59, 1.15, 1.14%) while the genotypes having the lowest contents include Maydos Yerlisi (0.48%) and BSC-4 (0.62%) ( Table 2 ). Palmitic acid is the most common fatty acid found in plants, micro-organisms and animals. In present study, varied values for palmitic acid were observed in the accessions. The palmitic acid contents ranged from 20.97 to 29.37% and mean value was 25.72. The genotypes having highest amount of plamitic acid include 1118-Glandless (29.37%), Acala Maxa (27.82%) and Acala Prema (27.81%) while Stoneville-8a and Nazilli M-503 (20.97 and 21.31%) respectively are having the lowest contents of palmitic acid (Table 2) . Palmitic acid with an average value of 25.73% was reported in upland cotton (Hall, 2003 Food Standard, 1999) has reported that the stearic acid contents should be 2.1 to 3.3% in cottonseed. Our study also revealed the same observations. The average amount of palmitoleic acid between genotypes were found to be 0.64% while palmitoleic acid concentration among genotypes varied 0.44% to 1.22% (Table 1 ). Stoneville 468 (1.22%), YB195 (1.07%), and Maydos Yerlisi (0.95%) had upper values of palmitoleic acid while Fibermax 958 (0.44%) had lowest value. Wan et al. (1995b) evaluated the cottonseed for palmitoleic acid percentage and mean contents should be 0.7%. Dowd et al. (2010) studied the oil contents and showed mean value of 0.6% for palmitoleic acid and (FAO/WHO Food Standard, 1999) has described that highest palmitoleic acid should be upto 1.2%. Results of present study are also consistent to earlier observations.
The unsaturated fatty acids contain one or more carbon double bonds and chemically more reactive than saturated fatty acids and this activity increases as the number of double bonds increase. Cottonseed oil generally consists of 70% unsaturated fatty acids. These acids are liquid at room temperature but begin to solidify at low temperature. In comparison, the unsaturated fatty acids solidify at more low temperature than saturated fatty acids. Oleic and linoleic acid collectively make the unsaturated fatty acids. Lukonge et al. (2007) evaluated 24 upland cotton genotypes for fatty acid profile and noted significant differences among genotypes for unsaturated fatty acids ranging from 70.2 to 74.9%. Lawhon et al. (1977) (Table 2) . These values are comparable with most varieties of the cotton seed oils investigated in the literature Sharma et al. (2009) . We found mean oleic acid contents of 20.21% (Table 1) which are in accordance with the Dowd et al. (2010) ; Sekhar and Rao (2011) . The average amount of nervonic acid among genotypes found 1% and it varies from 0.71 to 2.71% (Table 1) . Stoneville 468 (2.71%) and Fantom (1.31%) are the genotypes producing the highest content of nervonic acid while BSC-4 (0.71%) and Bahar 14 (0.72%) are having minimum amount (Table 2) . Nervonic acid is a new synthesised fatty acid which will be good addition to fatty acids. Mathaus and Ozcan (2015) Table 2) . These values are consistent to findings of Dowd et al. (2010) ; Sekhar and Rao (2011); Mathaus and Ozcan (2015) . Linolenic acid contents varied from 0.02 to 0.71 while mean γ-linolenic acid contents 0.33% observed among genotypes (Table  1) . γ-linolenic contents varied from 0.12 to 0.69% and genotypes having highest contents include Suregrow 125 (0.67%), Paymaster 330 (0.57%), YB 195 (0.47%) and BSC-4 (0.42%) while Acala Maxa (0.12%) having lowest contents (Table 2 ). In our study, it is considered that this additional fatty acid (γ-linolenic) will serve a milestone for developing data base. With the differences between genotypes, it can be inferred that there is genetic variation among the genetic stock, demonstrating the possibilities of obtaining genetic improvement by applying the selection.
Principal Component Analysis & Correlation for Determining Genotypic Relationship for Different Traits
The principal component analysis (Figure 1 ) and correlation analysis (Table 3) were conducted among genotypes to identify relationships for observed traits. Principal component analysis shown in the Figure 1 which reveals significant differences between genotypes for all traits. It is assumed a complex opposite relationship with a total protein content and oil (The same way arrows shows positive relation among each other and the reverse shows a negative relationship). The amount of linoleic acid appears to be associated with other characters in the opposite direction through analysis, on the other hand nervonic acid is having positive relationship with palmitic acid and myristic acid. Myristic acid and palmitic acid that are affected each other positively when traits are compared together, myristic acid and linoleic acid affect each other negatively (open arrows are the reduction properties that affect relation each other in positive direction, if the angle is increased the traits are affected negatively). Based on these associations, one can speculate on what cottonseed oil modifications might be possible among cotton genotypes. Lower levels of palmitic acid, linoleic acid and higher levels of oleic acid and possibly stearic acid would be ideal (Dowd et al., 2010) . Based on the correlations, however, this ideal distribution appears unlikely. Hence, it appears unlikely both acids can be simultaneously reduced. Higher levels of oleic acid were correlated with lower levels of linoleic acid, so this change seems likely, but possibly with a concomitant increase in the level of myristic acid. Hence, a reduction of myristic acid and an increase in oleic acid also does not appear favorable. Because cyclopropenoid fatty acids did not correlate strongly with any other fatty acid components, it may be possible to reduce their concentration without negatively influencing other compositional factors. Association among oil, protein and fatty acid contents among genotypes examined through correlation and principal component analysis ( Figure 1 and Table 3 ). This study also detected significant negative correlation between oil and protein content in cottonseed, as Turner et al. (1976b) ; Leffler et al. (1977) ; Hanny et al. (1978) ; Shaver and Dilday (1982) reported. Most of the observed correlations appeared to have some foundation within fatty acid biosynthesis pathways. Significant positive correlations were generally observed between neighboring fatty acids when the two acids were removed from pathway branch points. Tunc and Duman (2007) used gravimetric methods for fuzzy seeds and delinted seed for the determination of protein contents and found 20.7, 23.0 and 35.7%, respectively. Results shows positive correlation (p < 0.01) between 100 seed weight and oleic acid, significant positive correlation (p < 0.05) between 100 seed weight and protein content and non-significant correlation between 100 seed weight and linolenic acid, myristic acid, palmitoleic and palmitic acid (Table 3) . Non-significant positive correlation (p < 0.05) observed between protein and oil contents. For example positive correlation observed among important traits myristic acid-palmitic acid, palmitoleic acid, oleic acid, nervonic acid and myristic acid-protein content. A similar trend was apparent (p < 0.05) among linoleic acid and nervonic acid while non-significant correlation among stearic acid-oleic acid, linolenic acid, γ-linolenic acid and protein contents. Moreover, significant positive relation present among traits including palmitoleic acid compared to oleic acid, nervonic acid and protein content; while non-significant correlation was between oleic acid and linolenic acid and γ-linolenic acid while significant negative correlation (p < 0.05) found between palmitoleic acid and oil content and linoleic acid. Significant negative correlation observed between palmitoleic acid and linoleic acid, while non-significant correlation was between palmitoleic acid and γ-linolenic and stearic acid contents. We used standard FAME 37 for determining the fatty acid contents in oil as it is having higher amount of fatty acids. The synthesis of nervonic acid will be good addition in fatty acids.
Discussions
The relatively high level of palmitic acid naturally present in cottonseed oil has been an important contributor to the stability of the oil and to the solidity of its hydrogenated derivatives, but it is nutritionally undesirable. Because the increases in oleic acid or stearic acid are able to impart the required functional properties on the www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 5; modified oils, it should now be possible to dramatically lower palmitic acid in cottonseed oil without compromising performance (Liu et al., 2002) . Lawhon et al. (1977) studied seed composition of eight glanded and eight glandless cotton genotypes produced at various locations. Only limited variation in fatty acid composition was reported and the glandless trait did not significantly affect seed oil composition. Hamza et al. (1988) ; Nergiz et al. (1997) ; Lukonge et al. (2007) studied fatty acid profiles of small numbers of genotypes). As with the Lawhon et al. (1977) study, these studies showed fairly limited variation in fatty acid composition.
Based on these associations, one can speculate on what cottonseed oil modifications might be possible among agronomic cotton genotypes. Correlation analysis does not establish cause and effect, and these inferences are based on a small number of cotton genotypes representing a narrow range of cotton genetics. In addition, genetically modified cottonseeds have been reported with compositions that do not support the correlations identified in the current study. Specifically, Liu et al. (2002) mentioned that down-regulated FAD-II in cotton resulted in reduced levels of both palmitic acid and linoleic acid. This difference emphasizes the complicated associations that likely exist among oilseed fatty acids, which can be influenced by processes that include not only acid synthesis but also transfer of acids between various carrier molecules and triglycerides. Correlation analysis revealed significant positive correlation between the amount of protein and 100 seed weight and negative correlation was observed for oil contents while highly significant neagtive relation was observed among protein and oil contents. Bellaloui and Turley (2013) , observed the relationship among protein and oil contents under greenhouse conditions, and found that fuzzless cotton seeds accumulated higher oil and lower protein content compared with their equivalent fuzzy seeds, showing an inverse relationship between protein and oil contents. The inverse relationship between amount of protein and oil was previously reported in other species such as corn (Kebede et al., 2013) , soybean (Burton, 1985; Ray et al., 2006; Bellaloui et al., 2013a Bellaloui et al., , 2013b , and cottonseed (Pettigrew & Dowd, 2011) . Only a few studies have attempted to discuss variability in cottonseed fatty acid profiles, the source of the variation, or how fatty acid percentages correlate with each other. Lawhon et al. (1977) Statistically, fatty acid contents showed differences for all traits except myristic acid and linolenic acid. The range of measured variation in the individual fatty acids in this work was similar to the range of variation reported in most prior studies (Yunusova et al., 1991) . The range of values for individual fatty acids tended to be slightly broader than the range reflected in the Codex alimentarius trading standard for cottonseed oil (FAO/WHO Food Standards, 1999) . Although genetics accounted for a significant amount of fatty acid variation, the overall range of variation was insufficient to indicate that breeding within this population would produce desirable changes in oil composition. Efforts to breed cotton plants for improved oil properties will require a broader survey of cotton germplasm, perhaps including other Gossypium species, or possibly mutagenesis-based developmental efforts, which have been useful for modifying fatty acid profiles of other oilseeds (Fehr et al., 1991; Osorio et al., 1995) . Vegetable oils like cotton seed oil are typically rich in C 18-poly unsaturated fatty acids mainly linoleic acid and γ-linolenic acid. These fatty acids are essential fatty acids because they are precursors of n-3 and n-6 long chain poly unsaturated fatty acids such as eicosapentaenoic acid, docosahexaenoic acid and arachidonic acid, and also human body can not synthesize them through de novo mechanism. Thus, linoleic acid and γ-linolenic acid should be provided in the diet.
Variance analysis, frequency analysis and principal component analysis revealed that Stoneville 468, YB 195, YB 196 , Albania 6172, GB 58, Maydos Yerlisi and Okra 201 are having desirable cottonseed traits. Stoneville 468 is a model cultivar for improving oil contents in breeding programs as having good protein and oil contents. Okra 201 and gossypol free lines (YB 195, YB 196) can be used as for increasing oil and protein contents.
Conclusion
The results of the present study revealed that most of the characteristics of cottonseed oils tested from Kahramanmras Sutcu Imam University were quite identical with cotton seed oil, protein and fatty acid contents of different countries. Regardless of the fact that some nutritionally important physicochemical attributes, for example, fatty acids were considerably varied but most of the other characteristics of cotton seed oils were quite comparable among the varieties selected. The genotypes show some variation for protein, oil contents and in fatty acid composition, and this variation is associated with genetics. As genotypes were observed to affect seed oil composition, additional examination is required to get better genotypes. Finally, little documentation exits on the genetic association among oil and fatty acid composition with fiber traits, and other useful traits, all of which must be considered when tailoring the cotton plant for value-added seed properties. 
